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FOREWORD 


This  report  covers  an  investigation  into  the  development  of 
<vll-Purpose  Fire-Extinguishing  Foam  by  the  National  Foam  System,  Inc. 
for  the  United  States  Air  Force  under  Contract  Ko.  AF33(W33) -22946,  P.R 
No.  1U2.557,  anc  Expenditure  Order  Ko.  664-739,  Fire  Prevention.  It 
was  initiated  by  Mr.  R.  R.  Stasiak  and  administered  by  Captain  E.  C. 

King  under  the  direction  of  the  Equipment  Laboratory,  Directorate  of 
Laboratories,  Wright  Air  Development  Center,  Wright-Patterson  Air 
Force  Base,  Ohio. 

Acknowledgement  is  made  for  the  work  on  surface  tension  und  film 
measurements  conducted  under  the  direction  of  Dr.  F.  J.  Hazel,  University 
of  Pennsylvania,  Philadelphia,  Pa. 
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ABSTRACT 


An  lnrastigation  into  th«  dsTslopsant  of  an 
all-purpoes  fire-fighting  foaa  la  reported.  Tha  faaa 
liquid  ban  all  of  tha  daairabla  oharaotariatlea  of  tha 
aaohanloal  foaa  liquid  daaerlbad  as  Type  5 la  tha  0.  s, 
OirrafiMant  JAN  C266  spaoifloatlons  with  tha  addad 
propart 7 of  f orainf  a faaa  which  ia  effactire  in  tha 
axtingiil  ahaant.  of  fir  as  inrolring  ethyl  alcohol.  Soaps, 
alkyl  aryl  sulfoaatas,  alcohol  aulfctee,  protein*, 
flue oai das,  pactin  and  algln  iarlratiTaa  and  quaternary 
aaaoniua  eoapounds  war*  all  araluatad  individually  and 
found  wanting,  Tha  eoapoaanta  of  ordinarily  insoluble 
aoaps  wars  homogeneously  incorporatad  into  an  aquaous 
basa  of  hydrolysad  protain  by  naans  of  a solubllisar, 
aodiun  dlieopropyl  naphthalans  sulfonata,  Prooaduras 
far  nanufaotarinf  and  tasting  the  foaa  liquid  ara  given, 
Surfaea  tansion  naasurananta  ware  aada  on  foaa  liquids 
whioh  s erred  ss  prsoursors  to  this  daralopoant. 
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INTRODUCTION 


The  purpose  of  this  investigation  was  to  develop 
a fire-fighting  foam  liauid  conforming  generally  to  the 
U.  S.  Covernnent  Specifications  JAN  C-266  and  possessing 
further  the  characteristics  of  low  temperature  performance 
and  effectiveness  on  ethyl  alcohol  fires. 

The  practical  compositions  for  foams  used  in  com- 
bating alcohol  fires  contain  soluble  fatty  acid  soaps  as 
primary  foaming  agents  and  heavy  metal  salts  of  fatty  acids 
as  the  stabilizers.  Such  a system  is  further  characterized 
by  the  presence  of  a "solubilizing  agent".  The  stabilizer, 
or  component  which  renders  the  foam  alcohol-resistant,  is 
necessarily  insoluble  in  aqueous  medium;  it  is  the  deposition 
of  this  solid  material  in  the  wall  of  the  foam  bubble  that 
confers  stability  in  the  presenoe  of  alcohol.  The  "solubilizing 
agent"  is  necessary  to  the  maintenance  of  homogeneity  of  the 
foam  liquid  in  its  "concentrate"  form.  On  dilution,  as  in  use, 
the  solubilizer  is  no  longer  present  in  effective  concentrations 
and  the  insoluble  stabilizer  preoipitates.  The  system  comprised 
of  fatty  acid  soaps  lacks  compatibility  with  sea  water.  One 
of  the  more  important  investigational  aspects  therefore  was  to 
develop  a colloidal  system  or  systems  from  materials  whose 
effectiveness  is  not  diminished  in  the  presence  of  sea  water. 

The  compositions  of  closely  related  materials  considered  came 
from  the  following  classes  of  chemicals. 


1.  alkyl  aryl  sulfonates 

2.  quaternary  ammonium  compounds 


Individual  approaches  to  each  class,  attempting  to  establish 
suitable  foaming  agents  which  would  also  be  capable  of  solu- 
bilizing the  foam  stabilizer,  yielded  limited  results. 

The  combination  lauryl  pyridinium  ohloride  and 
aluminum  carboxy  methyl  pyridium  stearate  gave  the  best 
results.  It  was  possible  to  formulate  a homogeneous  solu- 
tion of  the  aluminum  oarboxy  methyl  pyridium  stearate  as 
stabilizer,  using  lauryl  pyridinium  ohloride  as  a primary 
foaming  agent  and  solubilizer.  Pilot  soale  fire  tests  indi- 
cated, however,  that  rates  of  application  greatly  in  exoess 
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of  that  ordinarily  recommended  would  be  necessary  to 
accomplish  extinguishment.  The  lack  of  effectiveness 
was  attributed  to  inability  of  the  foam  to  withstand 
heat  because  of  its  being  constituted  primarily  of  low 
melting  and  lov;  ash  materials. 

The  ultimate  composition  obtained  consisted  of 
three  primary  ingredients  which  conferred  on  the  composition 
the  following  characteristics: 


(1)  Compatibility  with  sea  water. 

(2)  Stability  toward  alcohol* 

(3)  Foam  stabilized  satisfactorily. 

(4)  Foam  with  appreciable  ash  content. 

(5)  Foam  with  high  melting  point. 


A protein  hydrolysate  is  the  primary  foaming 
agent  and  Nekal  A (sod.  diiaopropyl  naphthalene  sulfonate) 
the  solubilizing  agent  for  the  stabilizer.  The  stabilizer 
is  a heavy  metal  salt  of  a fatty  acid. 
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LITERATURE  SURVEY 


This  aearoh  was  made  using  Chemloal  Abstracts 
as  a primary  source  of  reference.  The  years  1907  to  I951 
were  covered. 

In  considering  synthetic  ohemioals  and  those 
chemicals  derived  from  natural  products  suitable  for  the 
production  of  stable  foams  for  use  in  fire-fighting,  it 
is  the  purpose  of  this  report  to  summarize  and  oatalog 
the  various  foam  producing  agents  used  in  many  different 
industries  as  well  as  tho® specifically  employed  at  present 
by  companies  producing  fire-fighting  ohemioals.  Such  uses 
as  in  t he  separation  of  ores  in  the  flotation  process;  in 
the  beverage  and  confeotion  industry;  in  detergents  and 
wetting  agents  in  the  soap  industry;  in  the  textile  industry 
as  a "textile  assistant";  being  some  examples  where  the 
production  of  foams  are  desirable.  It  seems  plausible 
that  these  foaming  agents  used  in  allied  fields,  having 
different  and  specific  properties,  may  lend  themselves  as 
possible  aids  in  producing  fire-foam  with  varying 
characteristics. 

Foaming  agents  can  be  divided  into  four  general 

types : 


1.  Protein  degradation  products 

2.  Synthetic  wetting  agents 

3.  Soap  solutions 

4.  Natural  product  extracts 


The  earliest  use  of  natural  product  extracts 
and  hydrolyzed  proteins  appears  to  have  been  in  the  use 
of  foam  stabilizers  in  chemical  foam  production.  These 
include  soap  bark  (1),  quebracho  and  quillaya  bark  extract  (2), 
licorice  root  extract  (3,14,27),  wood  flour  (4),  chestnut 
oak  bark  extract  (5),  sulfite  waste  liquor  (4,6,19),  sugar 
or  glue  (7)  with  saponin  solution  as  foaming  agent,  albumin  (8) , 
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alfalfa  axtraot  (9),  a matal  aoatate  known  aa  porolignite  (10), 
roasted  peanut  hall  axtraot  (11),  alkali  raain  soaps  (12)  for 
stability  against  aloohol  firas  a compound  known  as  "perill", 
FeSO^  (13) , phosphated  sodium  lauryl  sulfate  (15),  disthylene 
glyool  and  glycerol  (16),  amino  soaps  (17),  alkoxy  aoetio 
aoid  (18),  soybean  product  (20),  fat  aold  soap  (21),  sodium 
ootyl  sulfate  (22).  ferrous  chloride  (23),  extract  of  basts, 
turnips  or  swedes  (24),  salts  of  Fs,  Or,  Hi,  Al.  Ca,  Ba,  (25), 
and  urea  with  salts  of  7a,  Al,  Cr,  Hi,  ate.  (26). 

Dilute  aqueous  solutions  of  saponin  appear  to  hare 
been  the  earliest  method  of  producing  meohanioal  foam  satis- 
factorily with  the  use  of  suitable  stabilizers.  Subsequently, 
the  presently  used  protein  (13,35,23,25)  degradation  produots 
came  into  wide  aae.  Hydrolyzed  albumin  (31,32,33)  was  the 
first  protein  hydrolyzed,  with  many  other  natural  produots 
following  soon  thereafter.  These  inolude  keratins  (33,34), 
glue  or  gelatin  (36),  globulins  and  hemoglobulina  (33),  soy- 
bean flakes  (37) , -soybean  (20),  casein  (38),  blood  (39) » 

Foams  suitable  for  extinguishing  solvent  fires,  suoh 
as  aloohol,  acetone,  etc.,  are  produoed  under  the  following 
patents. 


By  adding  to  the  usual  foam  producers,  an  alkaline 
soap,  particularly  an  alkaline  resin  soap,  e.g.  "persil"  (12). 

A foam  produoed  by  a solution  of  a high  molecular 
weight  quaternary  ammonium,  phosphonium,  or  sulfonium  com- 
pound (40). 


By  a stock  solution  of  a water  soluble  fatty  acid 
salt  containing  7-11  carbon  atoms,  water  soluble  ammonium 
metal  oomplex  salt  and  protective  colloids  suoh  as  gelatin, 
albumin  degradation  produots,  oellulose,  tragacanth,  pectin, 
lignins,  humic  acids,  etc.,  and  salts  of  fatty  acids  with 
4-12  carbon  atoms  (41,42). 

3y  substituting  some  or  all  of  the  inert  filler 
in  the  usual  chemloal  foam  generator  powder,  a portion  of 
zinc  stearate  (43)* 

In  contrast  to  the  foaming  agents  derived  from 
natural  produots  are  the  synthetio  organic  compounds,  whose 
use  up  to  the  present  has  been  rather  limited.  These  com- 
prise the  following  group. 
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_ rc j . ,:'w.  at  !•:  sulfonic  ncids  (31,44,45,46,47) , 

e.g.  oouiun  butyl  naphthene  sulfonate. 

4 . ..'at oi*  soluble  salts  of  high  molecular  weight 

alinl  a tic  aminos,  suat  rnary  ammonium  salts, 
phcuphoui  J.m  and  sulfc-nium  compounds  (48,49,50, 
cl,//  , 5r ) , o.'  . dfc  :cyldi:nethyiQ.T.ine,  benzyl- 
dimethyl  dodec^l  ammonium  chloride,  lauryl 
py rid ini urn  sulfate. 

3.  hater  soluble  salts  of  aliphatic  aminos  of  the 
ethylenedifur.i.ie  type  (48),  e.g.  I! , b-dodecyl- 
methylethylenedianine , diethyl  heptadecylethy- 
lenediamine . 


4.  Aliphatic  sulfonic  acid  derivatives  of  lone 
chain  fatty  acid  amides  or  amines  (53,54,55), 
e.g.  N-methyltauride  of  oleic  acid. 


5.  Sulfonated  hydrocarbons  (45,56,57,58),  e.g. 

sulfonated  mineral  oil,  sulfonated  benzene  and 
petroleum  distillate. 


6.  Miscellaneous  molecules 


(a)  Aliphatic  esters  of  anthranilic  acid 
Hcl  (51,59). 

(b)  Aliphatlo  sulfate  esters  of  fatty 
acids  (60),  e.g.  ethyl  esters  sulfate 
of  oleic  acid. 

(c)  Sugar  esters  of  fatty  acids  (61), 

e.g.  mannitan  oleate,  sorbitan  laurate. 

(d)  Benzimidozole  sulfonic  acid  with  alkyl 
group  in  the  2 position  (19),  e.g. 
decylbenzimidozole  sulfonic  acid. 

(e)  Sulfonic  derivatives  of  aldehyde- 
phenol  condensation  products  (45). 

{ f ) Triarylme thane  dyes  (62) . 

(g)  Alkyl  silicone  trihalides  (63), 
e.g*  octadecysilicon  trichloride. 

(h)  Water  soluble  salt  of  polyoarboxylio 
acid  (64,65),  e.g.  citric  acid,  tri- 
carbailylio  acid. 
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The  soap  and  chemical  industries,  producers  of 
detergents  and  wetting  agents,  have  made  many  chemicals  that 
have  the  property  of  foaming.  These  will  be  discussed  as  to 
the  type  of  molecular  structure  rather  than  chronologically. 

The  first  of  the  group  of  wetting  agents  with  the 
ability  to  produce  foam  is  the  aromatic  molecules  with  or 
without  side  chains  and  sulfonated  in  the  ring.  In  1947  in 
a patent  by  Johnson  and  Adams  (66),  benzene  was  alkylated 
and  then  sulfonated  in  the  ring  in  excellent  yield.  Similarly, 
in  1929,  I.  G.  Farben  (67)  patented  an  alkylated  benzene  sul- 
fonate which  was  also  halogenated  in  the  ring.  Gilbert  and 
Otto  in  1950  (68)  patented  an  alkylated  benzene  molecule  which 
was  sulfonated  in  both  the  ring  and  the  side  chain.  This  pro- 
duced a large  decrease  in  surface  tension  at  very  dilute  con- 
centrations. liany  compounds  with  oapillary  activity  are  pro- 
duced by  reaoting  an  aralkyl  chloride  with  various  amines; 
e.g.  oetyl  chloride  with  aniline  disulfonate  (69,71)*  benzal- 
dehyde  disulfonio  aoid  with  dodecyl  amine  (70),  naphthalene 
amine  sulfonio  acid  with  dodecyl  chloride  (72,73) • Flett  (74) 
in  1936  sulfonated  alkyl  phenols,  and  similarly,  I.  G.  Farben  (75) 
reacted  the  phenol  hydroxyl  group  with  aliphatic  aldehydes. 

In  patents  by  Henkel  & Cie  (76,77),  fatty  aoid  esters  with 
ether  linkage  are  sulfonated,  e.g.  sulfonated  dodeoylphenoxy- 
aoetate.  Similarly,  fatty  aoid  chlorides  are  made  to  react 
with  aminoalkyl  ethers  as  in  patents  held  by  Imperial  Chemical 
Industries  (78)  and  also  by  I.  G,  Farben  (79).  In  patents  to 
I.  G.  Farben  (80,81),  phenol  is  oondensed  with  ohloroaoetone, 
ohloroaoetaldehyde,  eto..  and  subsequently  sulfonated.  In 
1929  H.  Th.  Bohme  (82,83)  patented  aromatio  esters  of 
eaterified  with  alkyl  hydrocarbons  or  ether  aloohols. 

1937,  and  in  1949,  Swiss  patents  (84,85,86)  were  issa 
benzimidozole  derivatives  said  to  have  high  aoid  resistance 
and  strong  foaming  power*  A Swiss  (87)  patent  in  1942  reports 
strong  foaming  by  oondensing  oooonut  fatty  aoid  anilide  with 
N-methylol  ohloroaoetamide  sulfonate.  In  making  a soap-like 
oompound  Polasek  (88)  bleaohes  sulfonated  napthalene  and  mixes 
polymerized  urea  with  it.  J*  R.  Caldwell  (89)  in  1949  prepared 
the  dialkyl  ester  of  bis  (2-hydroxyethyl)  ether  of  hydroquinone, 
and  then  sulfonated* 

In  the  aliphatlo  series,  those  oompounds  showing 
oapillary  aotivlty  appear  to  be  ester  or  hydroxy  ester  aliphatlo 
sulfonates.  In  patents  by  Daimler  et  al.  to  I.  0.  Phrben  (90, 
91,92)  in  1930  and  1933  and  also  a patent  to  Clba  Ltd.  (93), 
an  aliphatlo  hydroxy  sulfonate,  suoh  as  1,  2,  dihydroxy  butane 
sulfonate  and  a fatty  sold  ohlorlde  suoh  as  stearyl  ohloride 
are  oondensed.  In  Swiss  patents  in  1933  (94)  esters  of  sulfo- 
aoetlo  aoid  were  obtained  by  reaoting  suoh  a oompound  as  oetyl 


phenols, 
In  1936, 
d for 
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Mi«r  of  >ulcxoaoetio  aoid  with  neutral  or  aoid  sulfites. 

B.  Harris  (95)  prepared  relatively  high  noleoular  weight 
fafctj  acid  eaters  with  one  of  the  alkyl  radioala  sulfonated. 

Rose  (v6)  *.n  194”  prepared  aliphatic  sulfonates  from  olefins 
'oy  making  the  suifenyl  ohloride  and  than  hydrolyzing  whioh  ha 
states  ha v<>  u -usual  framing  properties  among  others.  Aliphatio 
sulfonic  amines  and  amides  were  prepared  by  I.  G.  Phrben  (97,98) 
in  1934  by  reacting  an  alkyl  halide  with  an  amine  and  salfonating 
and  the  amide  by  the  reaction  of  an  amine  with  the  aoid  ohloride 
of  a aclfo  aoid.  This  type  of  amide  was  also  patented  in  1933 
by  Deutsche  Hydrierwerke  (99).  Sandoz  Ltd.  (100)  reoently  pre- 
pared an  amide  suitable  for  shampoos  by  reacting  oooonut  oil 
with  a ohlorohydroxyaulfonio  aoid  and  an  aloohol  derivative 
of  ethylenediamine,  whioh  the  patent  states  foams  strongly. 
Dialkyl  esters  of  aspartio  aoid  were  prepared  in  a potent  to 
American  Cyanam^d  Co.  (101)  in  1946.  B.  Harris  (102)  prepared 
Interface  modifying  agents  with  the  salts  of  2-ethyl-l-hexanol 
sulfate.  Hydroxy  alkyl  sulfonio  aoids  with  the  hydroxyl  groap 
etherified  were  prepared  in  1933  (103)  and  are  particularly 
reoommended  for  prooeaaes  carried  out  at  a low  temperature. 
Similar  ether  sulfonio  aoids  were  patented  in  1934  by  H.  Th. 

Bohme  (104).  Also,  at  this  time  sulfonio  acids  (105,106) 
were  prepared  by  reaoting  an  alkyl  di-  or  trisulfonio  acid 
with  substances  containing  an  OH  group  in  the  presence  of  a 
strong  dehydrating  agent* 

Aloohols  whioh  are  esterified  with  sulfuric  acid 
show  strong  wetting  and  foaming  properties.  In  patents  to 
H.  Th.  Bohme,  esters  using  starting  materials  such  as  hy- 
droxylannio  aoid  (107),  stearyl  aloohol  or  rioinoleic  aoid 
(108),  or  unsaturated  hydrooarbons  as  centene  (109)  are 
sulfonated  with  aulfurio  aoid  or  chlorosulfonio  aoid.  Weckert 
and  Carter  (110)  prepared  foaming  agents  from  derivatives  of 
2-ethyl  butyraldehyde  by  condensation  with  ketones,  reduction 
of  the  ketones  and  sulfonation.  In  1927  I.  0.  Farben  (111) 
condensed  saturated  or  unsaturated  sulfuric  esters  of  poly- 
hydrio  aloohols  with  aromatio  compounds  suoh  as  naphthalene. 
Baldwin  at  Piggott  (112)  prepared  sulfuric  esters  of  hydroxy 
meroaptans  from  a compound  suoh  as  2-hydroxyethyloetylsulf ide. 

The  Deutsche  Hydrierwerke  (113)  patented  the  compounds  re- 
sulting from  the  esterifioation  of  glyools  with  one  hydroxyl 
group  esterified  with  sulfurio  aoid  and  the  other  hydroxyl 
group  replaced  by  an  amino  radioal.  I.  G.  Farben  in  1933 
prepared  sulfurio  esters  from  ethanolamines  or  amides  (114) 
and  from  glycol  ethers  and  aloohols  (115)*  H.  Th.  Bohme  (116) 
also  prepared  sulfurio  esters  of  hydroxy  fatty  amides.  In  a 
German  patent  (117),  aloohols  of  3 carbon  atoms  or  more  are 
polymerized  and  then  sulfonated.  In  1936,  Snoddy  & Martin  (118) 
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reacted  higher  alcohols  with  the  reaction  predate  t of  80}  tod 
a aatal  ohlorlde.  Thao#  war#  purported  to  bo  sol  table  for 
aoo  in  hard  or  aoa  am tar.  Tha  halogen  at bar a of  higher 
aloohola  ara  traatad  with  aodloii  thloaolfata  to  predate  tha 
sulfurio  aatara  of  meroaptans  aa  patantod  by  Beatsehe 
Hydrlerwerke  (119). 


Henkel  k Ola  (120)  praparad  high  moleoular  weight 
salfor  oompounda  aaoh  aa  tha  roaotion  produot  of  dodeoyl- 
meroaptan-I  and  ohloroaoatio  aoid  ifcion  thay  aay  ha  a strong 
foaming  propartiea.  Z.  0.  Farben  (121)  prod ao ad  frothing 
ohemioala  by  oondonaing  a fatty  aoid  amide,  a tartiary  amine, 
formaldehyde  and  aalfur  dioxido.  Similarly,  H.  Th.  Bohaa  (122) 
praparad  aulfario  aatara  of  amides  and  anilides* 


Raoantly,  several  sulfonamides  or  oondanaation  prod ao to 
have  boon  praparad  with  good  foaming  propartiaa.  In  1946, 

Ciba  Ltd.  (123)  oondanaad  aolfonamidaa  with  aldahydaa  or 
ketone  biaulfita  oompoonda,  whila  in  1947,  Albreoht  for 
Ciba  Ltd.  (124)  aobatitutad  fatty  aoida  in  tha  amido  group, 
reporting  prodootion  of  a vlaoous  aaaa  of  foam  with  thia  com- 
pound. I,  0.  farban  (125)  in  1943  oaad  unaobatltutad  sulfon- 
amidas  aa  foam  produoara. 

Produo ta  from  tha  aulfonation  of  oila  or  patrolaum 
fraotiona  hare  boon  uaod  aa  foaming  aganta.  Suoh  atarting 
materials  oompriaa  oraokad  patrolaum  fraotiona  (126) , paraffin 
(127),  purified  gluoa  (128),  partially  hydrogenated  oottonaood 
or  peanut  oil  or  oooonut  oil  (129),  tall  oil  (130),  and  flah 
liver  oil  (131) . 


H.  Th.  Bohmo  ha a aeoured  several  patents  on  the 
sulfurio  or  phosphorio  eaters  of  sugar-like  aubatanoaa.  These 
are  prepared  by  reaotion  of  dextrose  (132,133)  or  grapo  sugar 
(134)  with  sulfurio  or  phosphorio  aoid  and  lauryl  aloohol. 

Hydrolyzed  proteins  are  used  as  foaming  agents  in 
detergents  and  food  industry  in  the  following  patents.  I.  0. 
Farben  oondenses  ohlorooarbonlo  esters  with  albumin  degrada- 
tion produota  (135),  also  gelatin  (135)  and  ohrome  leather  waste 
(136).  Lenderlnk  k Co.  use  vegetable  or  animal  proteins  suoh 
as  pepsin  (137). 

Quaternary  ammonium  salts  or  cyvlio  and  aliphatio 
compounds  have  been  patented  as  foaming  agents.  In  1933, 

Ciba  Ltd.  (138)  prepared  oompounda  suoh  as  hydroxy  ethyl 
pyridinium  ohlorido  with  a fatty  aoid  ohloride.  I.  C.  Farben 
(139,140)  in  1934  and  1936  prepared  similar  oompounda. 
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Tile  following  compound 3 cannot  be  placed  in  any 
special  classification,  being  various  organic  molecules,  and 
will  be  listed  in  groups  by  companies. 

I . cj.  yarbon  ha*  patented  the  following  molecules: 
in  (14.1)  fatty  acids  wud  o jrAnr.ahd  with  polyalkylene- 

polyaiaines,  «>.{,.  oieic  acid  with  diethylene  triamine.  In 
1934  (142),  hydroxyamines  were  prepared  by  heating  poly- 
glycerol with  a long  chain  aliphatic  amine.  Amino  acids  (143) 
from  such  chemicals  as  loluidino-5-sulfonic  acid,  formaldehyde 
and  oieyi  a/aide  and  oarboylic  acids  (144)  from  dicarboylic 
acids  and  a hydrooarbon  were  patented  in  1936.  In  1943  two 
patents  reacting  lactones  with  phenolo  (145)  and  organlo 
nitrogen  compounds  (146)  were  granted. 

Ciba  Ltd.  in  1936  prepared  an  amine  oxide  (147), 
8-octadeoenylethyloylclohexylamine  by  oxidizing  the  amine 
with  a peroxide,  which  is  stated  to  have  strong  capillary 
properties.  In  1942  hydrazine  derivatives  (148).  such  as 
the  produo t of  reacting  1,  2-Bia  (2-hydroxyethyi)  hydrazine 
with  stearic  acid  and  then  glyoidol,  were  prepared.  In  very 
recent  patents,  amide  derivatives  were  made  by  reacting  a 
tertiary  amine  with  formaldehyde  and  an  amide  (149) , a new 
condensation  product  by  reaoting  N,N  -acetylstearoyl-m-phenyl- 
enediamlne  and  oc,  -dlohlorodimethylether  with  thiourea  (150), 
and  in  1949  the  half  esters  of  unsaturated  dioarboylio  aoida 
(15D. 


The  Distillers  Co.  Ltd.  (152)  in  1934  prepared  aldol 
condensation  products  and  in  the  same  year  Henkel  &.  Cie  (153) 
produced  high  moleoular  weight  amines  suoh  as  B-hydroxv-^c^- 
bis  (oycloheylamlno)  propane  and  Chemisohe  Fabrik  (154)  oon- 
densed  sodium  oleyate  with  bromotrioarballylio  sold  to  improve 
foaming  in  soap.  Produo ts  with  saponaceous  properties  were 
prepared  by  Kirstahler  and  Kaiser  (155)  by  the  reaction  of 
sodium  thiosulfate  on  dodeoylohloraaoetio  aoid  and  like  com- 
pounds, designated  particularly  as  foaming  agents  in  oosmetioe 
and  dentrifrloes. 

Carbide  and  Carbon  Corporation  (156)  prepared  high 
moleoular  weight  eloohols  suoh  as  5.  ll-diethyl-8-pentadeoanol 
along  with  the  sulfate  has  strong  frothing  power.  In  a French 
patent  1936,  (157)  thio  e there  are  prepared  reaoting  ethylene 
oxide  with  aliphatio  meroaptane.  J,  R.  Geigy  (156)  In  1942 
made  aliphatio  ether  derivatives  of  salioylio  soldi,  auoh  as 
5- ( octydeoyloxymethyl) -2-hydroxy  ben solo  aoid.  S.  Kaplan  (159) 
praparad  amino  amide  oompoonds  by  reaoting  an  N-ohloromethylamide 
with  a tertiary  amino  aoid  amide* 
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In  a recent  patent  to  F.  C.  Beraworth  Co.  (160), 

1950,  compounds  reported  able  to  foam  in  any  type  of  water 
were  prepared  by  reaoting  such  molecules  as  ethylenediamine 
with  ootyl  chloride  and  then  with  chloroaoetic  acid.  These 
are  semi-soli i pastes  resembling  stearic  acid. 

For  inhibiting  preoipitation  of  soap  in  hard  water, 
Young  and  Rubinstein  (lol)  have  prepared  aoylated  alkylolamines 
by  reaoting  primary  and  secondary  alkylolamines  with  fatty 
acids. 


In  the  flotation  process,  Powell  (162)  has  prepared 
1,1,3-trialkyloxybutanes,  particularly  1,1,3-triethoxybutane 
as  a frothing  agent.  Vana  (163)  has  patented  for  du  Pont, 
foaming  agents  for  galvanizing  flaxes,  such  compounds  as 
pentaerythritol,  ethyl  trlmethylolmethane,  2-amino-2-methyl-l, 
3-propandiol,  etc. 

Of  particular  interest  are  derivatives  of  oitrus 
peotin  prepared  by  J.  P.  Carson  (I64)  which  he  reports  pro- 
duces very  stable  foams  and  are  not  precipitated  by  many 
metallic  ions.  The  best  derivatives  reported  were  the  propyl 
and  butyl  amides  of  polygalaoturonide  methyl  ester.  They  are 
also  insoluble  in  ethanol  and  ether. 

R.  C.  Merrill  (165)  in  1948  discussed  the  addition 
of  silicates  to  soaps  for  increasing  the  volume  and  stability 
of  foam  from  a soap  solation.  He  states  that  the  addition  of 
0.1*  of  a 40*  Baume  3.2  ratio  silioate  to  a 0.1*  sodium  oleate 
solution  increased  the  life  of  the  foam  more  than  tenfold. 

In  the  same  year,  Harris  (166)  discussed  the  use  of 
eleotrolyte  builders  for  increasing  foam  volume.  Maximum  foam 
improvement  resulted  from  monovalent  cations,  being  reduced  in 
volume  by  the  divalent  and  trivalent  cations. 

Ordinary  oooaeroial  soaps  being  unsuitable  for  use 
with  sea  water  due  to  preoipitation,  various  formulae  have 
been  prepared  whioh  would  give  a satisfactory  foam  in  sea 
water. 


As  early  as  1921,  a British  patent  (167)  uses 
potassium  ohlorlte  or  other  strong  oxidizing  agent  with  soap 
made  from  "0000a  oil”.  Peoh  (168)  in  1922  prepares  a sea  water 
soap  from  ooooaat  oil,  sodium  hydroxide,  sodium  silioate  and 
potassium  ohlorlte*  In  a Japanese  patent  (I69),  red  olgae  is  . 
used  in  soap  made  from  palm  oil,  together  with  ammonium  ohloride 
and  ammonium  sulfate* 
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I-  Cr.  Farben  (170)  in  1935  used  aalta  of  amines  or 
of  quaternary  ammonium  bases  containing  alkyl  radicals  of  high 
molecular  weight,  e.g.  the  hydrobromide  salt  of  N-dimethyl 
dodecylamine  is  made  into  a soap  with  potato  flow. 

In  a U.  S.  patent  (171),  olefins  containing  more  than 
7 carbon  atoms,  such  as  a product  from  oil  cracking  is  sulfonated 
and  is  used  as  a soap  for  sea  water. 

A French  patent  (172)  saponifies  fat  acids  of  molecular 
weight  below  210  and  mixed  with  high  molecular  weight  fatty  acids. 

In  a recent  patent  (173),  naphthalene  and  lauryl  alcohol 
is  sulfonated  and  mixed  with  bentonite.  This  product  is  mixed 
with  corn  starch,  anhydrous  soap  anti  water,  and  is  reported  to 
produce  copious  foam  in  even  double  strength  sea  water. 

Rosin  is  used  with  tallow  soap  together  with  a phosphate 
to  prepare  a suitable  salt  water  soap.  Sodium  resinate  is  mixed 
with  41°  to  42*  titer  tallow  soap  followed  by  the  addition  of 
alkali  salts.  The  sodium  resinate  used  in  one  of  the  preparations 
was  a spray-dried  material  sold  under  the  trade  name  "Dresinate" . 
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1.  G.  Farben  (170)  in  1935  used  salts  of  amines  or 
of  quaternary  ammonium  bases  containing  alkyl  radicals  of  high 
molecular  weight,  e.g.  the  hydrobromide  salt  of  N-dimethyl 
dodecylamine  is  made  into  a soap  with  potato  flow. 

In  a U.  S.  patent  (171),  olefins  containing  more  than 
7 carbon  atoms,  such  as  a product  from  oil  cracking  is  sulfonated 
and  is  used  as  a soap  for  sea  water. 

A French  patent  (172)  saponifies  fat  acids  of  molecular 
weight  below  210  and  mixed  with  high  molecular  weight  fatty  acids. 

In  a recent  patent  (173),  naphthalene  and  lauryl  alcohol 
is  sulfonated  and  mixed  with  bentonite.  This  produot  is  mixed 
with  corn  starch,  anhydrous  soap  and  water,  and  is  reported  to 
produce  copious  foam  in  even  double  strength  sea  water. 

Rosin  is  used  with  tallow  soap  together  with  a phosphate 
to  prepare  a suitable  salt  water  soap.  Sodium  resinate  is  mixed 
with  41°  to  42*  titer  tallow  soap  followed  by  the  addition  of 
alkali  salts.  The  sodium  resinate  used  in  one  of  the  preparations 
was  a spray-dried  material  sold  under  the  trade  name  "Dresina te" . 
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1. 

Brain 

u.s. 

1,247,803 

2. 

Van  Launan 

u.s. 

1,507,943 

3. 

Phillips 

Brit. 

214,075 

4. 

Ferguson 

Can. 

262,213 

5. 

Saar 

U.8. 

1,562,878 

6. 

Esselen 

U.S. 

1,558,599 

7. 

Sandor 

Brit. 

280,208 

8. 

Sxoelsior  Feuerlosoh 

Brit. 

263,812 

9. 

Berghausen  Chemioal  Co. 

U.S. 

1,848,042 

10. 

U.S. 

1,832,109 

11. 

Urquhart 

U.S. 

1,922,510 

12. 

Minimal 

FT. 

764,138 

13. 

Sthamer 

U.S. 

2,151,398 

u. 

Fyr-Fyter  Company 

U.S. 

1,973,734 

15. 

Pyrene  Minimax 

U.S. 

2,193,541 

16. 

Pyrene  Minimax 

U.S. 

2,196,042 

17. 

Pyrene  Company 

Brit. 

517,812 

18. 

Standard  Oil  of  California 

U.S. 

2,250,182 

19. 

Swiss 

209,469 

20. 

Urquhart 

U.S. 

2,269,958 

21, 

Boyd 

U.S. 

2,269,426 

22. 

Fyr-Fyter  Company 

U.S. 

2,289,688 

23. 

The  Pyrene  Company 

Brit. 

559,503 

24. 

M & P Colloid  Stabilizers 

Brit . 

560,354 

25. 

Armour  & Co. 

U.S. 

2,431,256 
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26. 

Perri 

u.s. 

2,470,719 

27. 

Amer . -LaFrance-Foamite 

u.s. 

2,355,935 

28  . 

Schnabel 

u.s. 

1,669,213 

29. 

Sthamer 

u.s. 

1,696,507 

30. 

I'auge 

Fr. 

796,615 

31. 

I.  G.  Farben 

U.S. 

2,154,231 

32. 

I.  G.  Farben 

Ger. 

668,276 

33. 

Pyrene  Minima x 

U.S. 

2,361,057 

34. 

Pyrene  Company 

Brit. 

517,767 

35. 

I.  G.  Farben 

Ger. 

681,158 

36. 

R.  M.  Hollingshead  Corp. 

U.S. 

2,365,619 

37. 

Central  Soya  Company 

U.S. 

2,489,208 

38. 

Dawson 

Brit. 

Application 

39. 

Davies 

Brit. 

571,666 

40. 

Bohme  Fettchemie 

U.S. 

2,136,963 

a. 

I.  G.  Farben 

Ger. 

697,646 

42. 

General  Aniline  & Film  Co. 

U.S. 

2,232,053 

43. 

Amer . -Lafyanc  e -To  ami t e 

U.S. 

2,405,538 

44. 

General  Aniline  Works 

U.S. 

1,914,406 

45. 

Brit.  Dyeataffs  Corp. 

Brit. 

289,630 

46. 

I.  G.  Farben 

u.s. 

2,165,997 

47. 

Meok  & Eleot.  Teck. 

Brit. 

403,291 

46. 

I.  G.  Farben 

Fr. 

789,327 

49. 

H.  Th.  Bohme 

Fr. 

779,096 

50. 

I.  G.  Farben 

Ger. 

666,782 
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51.  Henkel  k Cle 

Gar. 

650,919 

52.  I.  0.  Farben 

Fr. 

716,560 

53.  I.  G.  Far  ben 

Fr. 

761,818 

54*  General  Aniline  & Film  Gorp. 

u.s. 

2,506,062 

55.  General  Aniline  & Film  Corp. 

u.s. 

2,529,211 

56.  Burgees 

u.s. 

1,599,006 

57 • Texas  Company 

u.s. 

2,166,008 

58.  A.  G.  Fur  Teohnlsohe  Neuheiten 

Swi88 

259,609 

59.  Henkel  k Ois 

Fr. 

790,831 

60.  Henkel  k Ole 

FT. 

788,748 

61.  Grinnel  Gorp. 

U.S. 

2,487,964 

62.  I.  0.  Farben 

Oer. 

539,150 

63.  du  Pont 

U.S. 

2,476,308 

64.  Pyrene  Company 

Brit. 

580,070 

65.  Pyrene  Derelopasnt  Gorp, 

Gan. 

435,733 

66.  Johnson  k Adana 

Standard  Oil  of  Indiana 

U.s. 

2,429,691 

67.  1.  G.  Farben 

Oer. 

518,408 

68.  Gilbert  k Otto 

Allied  Gheaieal  k Dye  Go. 

u.s. 

2,506,417 

69.  Deatsohe  Hydrlerverke 

Brit. 

417,394 

70.  Henkel  k Gle 

Fr. 

790,626 

71.  I.  G.  Farben 

Oer. 

551,257 

72.  Denteohe  Hydrlerverke 

FT. 

753,753 

73.  8oo.  poor  l'ind  ehia  a Bale 

Brit. 

582,092 

74*  1*  H.  nett 

Brit. 

447,898 
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75. 

76. 

77. 

78. 

79. 
8.0. 
81. 
82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 
95- 

96. 

97. 

98. 
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I.  G.  Farben 


302,666 


Henkel  & Cie 

U.S. 

2,007,869 

ho  nice  1 & Cie 

Ger. 

623,919 

Imperial  Chemioal  Indue tries 

Brit. 

443,902 

I.  0.  Farben 

Fr. 

788,429 

I.  G.  Farben 

Brit. 

248,782 

I.  G.  ferben 

U.S. 

1,732,503 

H.  Th.  Bohme 

Ger. 

565,056 

H.  Tb.  Bohme 

Fr. 

685,995 

Soo.  pour  l'ind  chlm  a 

Bale 

Swiss 

177,818 

Soc . pour  l'ind  ohim  a 

Bale 

Swiss 

190,717 

Soo.  pour  l'ind  ohim  a 

Bale 

Swiss 

221,824 

Soc.  pour  l'ind  ohim  a 

Bale 

Swiss 

222,543 

Jiri  Polasek 

FT. 

940,117 

J.  R.  Caldwell 
Eastman-Kodak  Co. 

U.S. 

2,478,368 

I.  G.  Farben 

Brit. 

372,005 

I.  G.  Fhrben  Daimler 

et  al. 

U.S. 

1,881,172 

I.  G.  Farben  Daimler 

et  al. 

U.S. 

1,916,776 

Ciba  Ltd. 

Swiss 

238,442 

J.  R.  Geigy  a.G. 

Swiss 

160,079- 

B.  Harris 

U.S. 

2,023,387 

J . Ro  3 3 

Colga  te-Palmolive-Peet 

U.S. 

2,420,383 

I.  G.  Farben  j 

U.S. 

1,944,300 

I.  G.  Farben 

U.S. 

1,931,540 
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99. 

Deatsobe  Hydrlerwerke 

Ft. 

750,647 

100. 

Sendos  Ltd* 

Swiss 

261,540 

101. 

Arne  v loan  CytMmld 

Brit. 

575,604 

102. 

B.  Harris 

u.s. 

2,052,027 

103. 

Deutaohe  Hydrlerwerke 

Ft. 

752,756 

104. 

H.  Th.  BohfM 

U.S. 

1,967,655 

105. 

Fleeoh-Werke 

Brit. 

406,889 

106. 

Bo hat  Fettohemie 

Ger. 

627,055 

107. 

H.  Th.  Bohme 

Ger. 

546,142 

108. 

H-  Th.  Bohme 

U.S. 

1,993,431 

109. 

Berteoh 
H.  Th.  Bohme 

u.s. 

2,027,896 

no. 

Weokert  k Carter 
Carbide  and  Carbon 

Brit. 

446,084 

111. 

I.  0.  Farben 

Ger. 

526,276 

112. 

Baldwin  k Piggott 
Imperial  Cheoloal  Indoatriee 

Brit. 

435,039 

113. 

Deutaohe  Hydrlerwerke 

Brit. 

435,290 

1H. 

I.  a.  Farben 

Brit. 

389,543 

115. 

I.  G.  Farben 

Brit. 

394,043 

116. 

H.  Th.  Bohma 

Ger. 

595,173 

117. 

Chem.  Fab.  Pott  k Co. 

Ger. 

550,242 

118. 

Shoddy  k Martin 
Pro 0 tor  k Gamble 

U.S. 

2,049,670 

119. 

Deutaohe  Hydrlerwerke 

Brit. 

390,416 

120. 

Henkel  k Cie 

U.S. 

2,050,169 

121. 

I.  G.  Farben 

Fr. 

799,093 

APTR  6130 


16 


122. 

H.  Th.  3ohne 

Brit . 

318,542 

123. 

Ciba  Ltd. 

3rit . 

578,654 

124. 

Albrecht-Ciba  Ltd. 

U.S. 

2,432,850 

125. 

I.  G.  Farben 

Belg. 

449, 444 

126. 

H.  Th.  Bohme 

Brit . 

360,602 

127. 

I.  G.  Farben 

Brit . 

366,916 

128. 

Imperial  Chemical 

Industries 

Brit. 

469,325 

129. 

B.  Harris 

U.3. 

2,029,168 

130. 

H.  Th.  Bohme 

Ger . 

596,510 

131. 

Imperial  Chemical 

Industries 

Brit. 

398,818 

132. 

H.  Th.  Bohme 

Brit. 

384,230 

133. 

H.  Th.  Bohme 

Brit. 

404,684 

134. 

H.  Th.  Bohae 

Ger. 

606,897 

135. 

I.  G.  Farben 

Brit. 

425,370 

136. 

I.  G.  Farben 

Brit . 

450,407 

137. 

Lenderink  & Co. 

Dutch 

65,195 

138. 

Ciba  Ltd. 

Brit. 

388,840 

139. 

I.  G.  Farben 

Brit. 

414, 712 

140. 

I.  G.  Farben 

Brit . 

448,251 

HI. 

I.  G.  Farben 

Brit . 

337,368 

142. 

I.  G.  Farben 

Ger. 

606,236 

143. 

I.  G.  Fhrben 

Fr. 

799,910 

144. 

I.  G.  Farben 

Brit . 

449,865 

145 . 

I.  G.  Farben 

Belg. 

450,233 

146. 

I.  G.  Farben 

Belg. 

450,587 
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147. 

Clba  Ltd. 

Swiss 

180,579-81 

148. 

Ciba  Ltd. 

Swiss 

223,211 

149. 

Ciba  Ltd. 

Brit » 

600,707 

150. 

Clba  Ltd. 

Swiss 

219,858 

151. 

Ciba  Ltd. 

Brit. 

615,665 

152. 

The  Distillers  Co.  Ltd. 

Brit. 

411,463 

153. 

Henkel  & Cle 

Fr. 

774,087 

154. 

N.  V.  Chemisohe  Fabrik 

Brit. 

420,812 

155. 

Klrstahler  and  Kaiser 

u.s. 

2,004,873 

156. 

Carbide  and  Carbon 

Fr. 

789,406 

157. 

FT. 

794,830 

158. 

J.  R.  Oeigy  A. C. 

arise 

219,930 

159. 

S.  Kaplan 

Onyx  Oil  & Ohemloal  Co. 

U.S. 

2,407,703 

160. 

7.  0.  Bersworth  Co. 

u.s. 

2,524,218 

161. 

Young  and  Rubinstein 
Industrial  Patent  Oorp. 

u.s. 

2,429,445 

162. 

R.  F.  Powell 

Rational  Chemioal  Produo ts  Ltd. 

Brit. 

641,932 

163. 

C*  Vans 

X.  I.  du  Pont  de  Nemours 

U.S. 

2,481,457 

164. 

J • 7.  Carson  - J . Aaerioan  Ohem. 

Soo.  68 

2723  (1946) 

165. 

R.  0.  Merril  - J.  Aaerioan  Oil  Chemist  soo 

. 22  84  (1946) 

166. 

J • 0.  Harris  - Aaerioan  Dyestuff  Reporter  22  2$6  (1946) 

167. 

Brit. 

156,591 

168. 

Peob 

U.S. 

1,462,243 
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169. 

Japan 

42,569 

170. 

I.  G.  Farbon 

Pr. 

780,  OU 

171. 

U.  S. 

2,049,055 

172. 

FT. 

48,182 

173. 

Kamen  Soap  Produots  Co. 

u.  s. 

2,407,130 

174. 

Oil  and  Soap 

21  I64 

(1944) 

175. 

Heroulea  Powder  Co. 

U.S. 

2,402,473 

a 
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XrPKRMETTAL 


1.  Foams  made  from  solutions  of  soaps,  alkyl  aryl  sul- 
fonates , aloohol  sulfates,  proteins  and  saponlna  ire re 
evaluated  and  found  maflng  from  standpoint  of  liability 
toward  ethyl  aloohol.  Peotin  and  algiii  derivatiras  were 
also  Investigated  with  negative  results. 


2.  The  quaternary  ammonium  oompounds  showed  most  promise 
for  use  with  sea  water.  The  following  were  prepared  in 
this  series: 

Ootyl  benzyldimethyl  ammonium  bromide 
Ootyl  pyridinium  bromide 
Lauroyl  benzyldimethyl  ammonium  ohloride 
Lauroyl  pyridinium  ohloride 
Phenyl  diethyl  alkyl  ammonium  bromide 
Ootyl  trlethyl  ammonium  bromide 
Phenyl  dimethyl  alkyl  ammonium  bromide 
Phenyl  dimethyl  ootyl  ammonium  bromide 
Phenyl  diethyl  ootyl  ammonium  bromide 
Alkyl  quinollnium  bromide 
Ootyl  quinollnium  bromide 
Diethyl  ootyl  ethanol  ammonium  bromide 
Hydroxyethyl  pyridinium  ohloride 
Diootyl  niootinium  bromide 
Ootadeoyl  niootinium  ohloride 
Ootadeoyl  ootyl  niootinium  ohloride 
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Di  (hydroxyethyl)  phenyl  octyl  aranonium  bromide 
Octadecyl  pyridiniom  chloride 

Hydroxyethyl  phenyl  ethyl  octyl  ammonium  bromide 

Octadecyl  benzyl  dimethyl  ammonium  chloride 

Lauryl  pyridinium  chloride 

Decyl  pyridinium  chloride 

Octyl  picolinium  bromide 

Nonyl  pyridinium  chloride 

3utyl  pyridinium  bromide 


3.  Lauryl  pyridinium  chloride  was  found  effective  in  salt 
water  and  was  further  tested  with  materials  which  would  be 
likely  to  confer  alcohol  stability  on  foam  derived  from  same. 
Lauryl  pyridinium  stearate  and  related  materials  serve  satis- 
factorily in  this  respect. 

Homologous  series  of  alkyl  pyridinium  chlorides  and 
bromides  were  prepared  covering  Ine  range  propyl  to decyl 
for  eaoh  halide.  Decyl  pyridinium  chloride  and  bromide  were 
the  only  ones  in  the  series  that  were  good  foaming  agents  in 
themselves.  They  were  then  used  in  conjunction  with  lauryl 
pyridinium  chloride  to  test  for  synergistic  action,  fhe 
oest  one  in  this  respeot  was  octyl  pyridinium  bromide. 

Lauryl  pyridinium  stearate  used  as  a stabilizer  as  previously 
reported,  was  insoluble  in  the  pyridinium  halide. 


4.  The  lauryl  ester  of  oarboxymethyl  pyridinium  ohlorlde 
was  prepared  which  gave  an  expansion  of  ten  in  a 1 £ sea  water 
solution,  but  exhibited  no  aloohol  stability.  The  octadecyl 
and  tetradeoyl  eaters  were  also  prepared  but  with  no  improve- 
ment in  aloonol  stability.  Pyridinium  esters  with  a free 
carboxyl  group  were  prepared,  e.g.  oarboxymeYhyl  pyridinium 
stearate,  which  when  used  as  a stabilizer  with  lauryl  pyrl- 
dlnlum  ohlorlde  reduced  the  expansion  but  showed  very  good 
aloohol  stability. 


5.  Prom  unpublished  work  previously  done  in  this  laboratory 
it  was  known  that  compounds  of  this  type  when  converted  to 
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the  aluminum  salt  exhibited  a marked  stabilizing  effect.  The 
aluminum  salt  was  prepared  by  inclusion  of  an  aqueous  solution 
of  aluminum  lactate  in  formulae  containing  these  stabilizers. 
The  stabilizers  showing  the  greatest  promise  were  carboxymethyl 
pyridinium  stearate  and  oarboxymethyl  benzyldime thy!  ammonium 
stearate*  ~ 

These  principles  were  applied  in  the  following  formulation 
which  showed  good  alcohol  stability,  an  expansion  of  ten  in  sea 
water  and  freezing  point  of  approximately  20  F. 


20 

cc 

methyl  alcohol 

15 

g* 

lauryl  pyridinium  chloride 

4 

cc 

octyl  pyridinium  bromide 

2.5 

6* 

carboxymethyl  pyridinium  stearate 

3.0 

6. 

aluminum  lactate 

1.06 

oc 

triethanolamine 

0.5 

g. 

lauryl  pyridinium  stearate 

6 

00 

chloroform 

100 

CO 

water 

Fire  tests  conducted  on  isopropyl  aloohol  were  unsuooessful 
demo nat rating  in  the  main  that  the  foam  lacked  heat  resistance. 


6.  Heat  resistanoe  improvement  can  be  effeoted  by  the  incor- 
poration of  hydrolyzed  protein  material.  Systems  comprised  of 
the  following  ingredients  were  then  studied  in  oonjunotion  with 
quaternary  ammonium  oompounds: 


Hydrolyzed  protein 
Fatty  aoids 
Iron  sulfate 


✓ 
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7.  A foam  having  an  expansion  factor  of  ten  was  obtained 
using  a 6£  solution  in  sea  water.  These  materials  combined 
in  proper  proportions  yield  a foam  having  the  necessary 
aloohol  and  heat  resistance.  The  foam  liquid  oonoentrate 
was  not  entirely  homogeneous. 


8.  The  simple  addition  of  fatty  acid  soaps  to  the  produot 
of  a lime  hydrolysis  of  protein  results  in  formation  of  a 
preoipitate  of  oaloium  soaps.  The  oaloium  may  be  readily 
sequestered  by  the  ^use  of  ethylene  diamine  tstra  aoetic 
acid  to  produce  a dear  solution.  Aloohol  stability  of  the 
foam  from  such  a liquid,  however,  is  greatly  reduoed. 


9.  Investigation  of  fatty  and  hydroxy- fatty  acids  indi- 
cated that  the  more  soluble  the  soap,  the  less  effective 
was  its  alcohol-foam  stabilizing  effeot. 

Aluminum  laotate  proved  to  be  the  best  oation-f urnishing 
salt  amongst  the  bi-  and  trivalent  metallic  ions  tried. 

Not  much  difference  oould  be  found  between  the  use  of 
animal  and  vegetable  proteins. 


10.  A foam  liquid  based  upon  these  findings  was  manufactured 
on  pilot  plant  scale.  It  contained: - 


Hydrolyzed  blood 
Coconut  fatty  acids 
Aluminum  lactate 
Propylene  glyool 
Chloroform 


The  chloroform  was  used  a3  a solubilizing  agent  for  the 
aluminum  soaps  formed  in  situ.  The  chloroform,  however, 
affected  the  foam  volume  adversely,  an  expansion  of  five 
being  obtained. 

Fire  tests  were  conducted  on  25-gallon  quantities  of 
isopropyl  alcohol  and  a pan  having  dimensions  5.5  ft.  x 
5.5  ft.  x 1 ft.  The  results  are  tabulated. 
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I 


Type  Aloohol 

Ethyl 

Isopropyl 

Isopropyl 

Rate  of  Application 
( gal . wat  er/sq . f t . /min  • ) 

1 

2 

1 

Prebarn  Time  (min.) 

1 

1 

1 

Control  Time 

40  seo. 

46  seo. 

1 m.  36  seo. 

Extinguishment  Time 

50  seo. 

1 m.  4 seo. 

1 m.  57  seo. 

11.  Zlno  ohloride  was  found  to  improve  the  foam  expansion  of 
this  formulation,  an  expansion  of  9 being  obtained.  On  the 
other  hand,  however,  zino  ohloride  causes  a decrease  in  fluidity 
and  in  aloohol  stability. 

12.  Stearic  aoid  has  the  effect  of  increasing  aloohol  sta- 
bility and  decreasing  foam  volume.  Zino  ohloride  in  combination 
with  steario  aoid  does  not  affect  foam  volume. 

13.  The  fatty  aoids  used  as  described  do  not  have  the  desired 
solution  stability,  and  it  is  necessary  to  add  another  agent  to 
prevent  their  deposition.  Alkyl  aryl  sulfonates  have  been  found 
to  behave  as  satisfactory  solubilizers.  The  first  of  this  class 
of  materials  that  was  investigated  was  sodium  xylene  sulfonate. 

Pilot  plant  batches  of  foam  liquid  using  sodium  xylene 
sulfonate  as  solubilizer  for  7^  cooonut  fatty  aoid  were  pre- 
pared and  are  described  in  terms  of  Specifications  tests.  The 
Air  FOrce  Specifications  are  expressed  parenthetically. 


3.  Chemical  Properties 
a.  Specific  Gravity 


b.  Viscosity 


c.  pH  Value 


Air  Force 
Specifications 


1.162  (No  restrictions  have 
been  placed  on  the 
contractor  as  to  this 
value. ) 


25  cent.  (Maximum  visoosity  of 
Q 60*F.  100  centistokes  at 

60*F. ) 

6.2  (6.0  - 9.0) 
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d.  Suitability  v/ith  V/ator 

(1)  Expansionsof  10  have  been 
obtained  using  either  fresh 

or  synthetic  sea  water  through 
a National  KP-3  nozzle  at  70WF. 
and  100  psi. 

(2)  Ethyl  alcohol  fire  tests  con- 
ducted in  a 30  sq.ft,  pan  have 
shown  that  foam  is  equally 
effective  using  fresh  water  or 
synthetic  sea  water. 


e.  Pour  Point 


10°F. 


Although  the  pour  point  is 
10°F.  the  liquid  has  the  cha- 
racteristics of  depositing 
crystals  on  storage  at  20  F. 
for  a period  of  48  hours. 


f.  Sedimentation 


Trace  (0.1^  max.) 


g.  Precipitation 


Max.  1%  (No  minimum  is 
given.  "Good 
fire  fighting 
engineering  and 
chemical  practices 
shall  endeavor  to 
limit  precipita- 
tion to  a minimum 
when  the  liquid 
charge  is  mixed 
with  water. ") 


4.  Environmental  Extremes 

Evaluation  in  this  respect  was  not  completed. 


5.  Foam  Volume 

a.  140  gallons  of  foam  par  gallon  liquid  obtained 
under  the  following  conditions: 

(1)  National  RP-3  nozzle,  100  psi,  70*F. 
liquid  and  fresh  water  temperatures. 
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(2)  National  RP-3  nozzle,  100  psi,  70°F. 
liquid  and  synthetic  3ea  water. 

(3)  Further  evaluation  being  conducted 
using  the  Navy  NPU  nozzle  with  fresh 
and  salt  water  at  various  temperatures. 


6.  Dispensing  Equipment 

Field  tests  had  been  conducted  using  standard 
National  foam  nozzles. 


7.  Fire  Tests 

a.  30  sq.  ft.  te3t  pan 

It  is  our  standard  practice  to  evaluate 
untested  foam  liquids  on  fires  of  a limited 
size.  The  rate  of  water  application  in  these 
tests  is  0.1  gpra  per  sq.  ft.  gasoline  and 
ethyl  alcohol  fires  have  been  extinguished  in 
what  is  considered  standard  time  for  this  type 
test. 


b.  JAN  C-266  - 10  ft.  x 10  ft.  fire  test 

(1)  Gasoline  Fire  — The  rate  of  water 

application  'in  this  test  is  0.06  gpm 
per  sq.  ft.  The  fire  was  extinguished 
in  2 minutes  and  55  seconds.  The 
blanket  thickness  was  3 inches. 

Further  evaluation  concerning  the 
blanket  characteristics  remains  to 
be  done. 


14.  Fire  testing  was  continued  on  the  liquid  charge  described 
An  aloohol  fire  test  was  successfully  run  in  a 30  sq.  ft.  test 
pan  using  a water  application  rate  of  0.1  gpm  per  sq.  ft.,  pro- 
vision being  made  for  gentle  foam  application. 

The  JAN  C-266  fire  test  requirement  presents  a more 
severe  fire  test  condition  in  that  the  foam  stream  is  directed 
through  the  fire  on  to  a backboard.  As  a result  of  forceful 
impingement  of  the  foam  stream  on  the  backboard,  the  foam  is 
subjected  to  a considerable  amount  of  submersion  in  the  alcohol 
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Hence,  a higher  rate  of  application  is  necessary  for  extin- 
guishment than  would  apply  in  the  case  of  gentle  application. 
The  following  table  summarizes  results  obtained  for  various 
rates  and  methods  of  application. 


JAN  C-266  FIRE  TEST  DATA 


Rate 

Y/ater-in-Foam 

Application 

(gpm/sq.ft.) 

Cover 

Control 

Extinguishment 

* Type 
Appli- 
cation 

0.06 

(No  extinguishment  obtained) 

a 

0.06 

20  seconds 

1 min.,  5 sec. 

1 min. ,25  sec. 

b 

0.15 

1 rain. , 30  sec . 

1 min. ,45  sec. 

2 minutes 

a 

0.20 

30  seconds 

1 minute 

1 min., 30  sec. 

a 

* a — Foam  stream  directed  against  backboard  of  test  tank. 


b --  Foam  stream  directed  into  corner  of  test  tank,  force 
of  impingement  into  alcohol  lessened. 


A pilot  plant  batch  of  this  material  was  made  with  some 
processing  modifications.  An  ethyl  alcohol  fire  was  extinguished 
at  a water-in-foam  rate  of  0.06  gpra  per  sq.  ft.  using  ’’a'*  type 
application. 


15*  Attempts  to  reduce  freezing  point  of  this  material  included 
investigation  of:- 

1.  Isopropyl  alcohol  content 

2.  Dlycol  content 

3.  '.Vater  content 

4.  Use  of  nropylene  glycol 

5.  Use  of  zinc  acetate  in  place  of 

aluminum  lactate 

6.  "Wetsit*1  as  solubilizer 
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Freezing  point  characteristics  were  improved  by  increasing 
water  content  of  the  liquid.  A pilot  plant  batch  was  made  based 
upon  the  finding  reported.  The  higher  water  content  resulted  in 
q material  showing  no  signs  of  freezing  on  storage  at  20°F.  The 
other  significant  characteristics  were  not  materially  affected. 

Investigation  into  use  of  the  glycols  and  alcohols  as 
freezing  point  depressants  indicated  that  relatively  high  con- 
centrations of  methanol  work  to  advantage.  Representative  fire 
test  data  for  this  type  liquid  are  given  belo'  . 


Rate 

./ater-in-Foara 
Application 
( gpm/ sc . f t . ) 

Type 

Alcohol  Fire 

bctinguishment 

Time 

Type 

Application 
(see  14) 

0.07 

Isopropyl 

1 min.,  45  sec. 

a 

.11 

Isopropyl 

5 8 seconds 

a 

.11 

Ethyl 



1 minute 

a 

16.  The  foam  liquid  developed  under  this  contract  is  described 
below.  The  contract  opecif ications  for  each  characteristic  is 
given  first,  the  corresponding  description  of  the  foam  liquid 
follows  in  the  indented  script. 


DETAILED  REQUIREMENTS,  EXHIBIT 


1 . Material 

a.  The  mechanical  foam  charge  shall  be  a liquid  containing 
stabilizers,  preservatives,  or  such  other  material  as  the  con- 
tractors deem  desirable  to  attain  a foam  suitable  for  ethyl 
alcohol  and  petroleum  fires. 


1 . ?.Ia  terlal 

a.  The  mechanical  foam  charge  is  a liquid 
containing  stabilizers,  preservatives, 
and  such  other  material  as  is  necessary  to 
obtain  a foam  suitable  for  ethyl  alcohol 
and  oetroleum  fires. 
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2.  Foam  Characteristics 


a.  When  mixed  with  air  and  water,  in  proportions  to  be 
determined  by  the  contractor,  the  charge  shall  produce  a 
stable,  cohesive  foam  of  satisfactory  degree  of  fluidity  for 
extinguishing  petroleum  and  ethyl  alcohol  fires.  The  foam 
produoed  shall  consist  of  a mass  of  small  bubbles  not  easily 
broken  down  by  intense  heat,  shall  adhere  to  solid  surfaces 
whether  vertical  or  horizontal,  float  on  petroleum  products 
and  alcohol,  shall  not  seriously  injure  personnel  or  equip- 
ment, shall  not  be  toxic  nor  irritating  to  the  skin  and  shall 
not  be  unduly  corrosive  to  iron  and  steel. 


2.  Foam  Characteristics 


a.  When  mixed  with  water  to  form  a &,'o  solution 
and  used  in  conjunction  with  a standard  foam 
nozzle,  this  charge  produces  a stable,  co- 
hesive foam  of  satisfactory  degree  of  fluidity 
for  extinguishment  of  petroleum  and  ethyl 
alcohol  fires.  The  foam  produced  consists  of 
a mass  of  small  bubbles  not  easily  broken 
down  by  intense  heat,  and  adheres  to  vertical 
and  horizontal  solid  surfaces.  The  charge  or 
foam  made  therefrom  is  non-injurious  to  per- 
sonnel or  equipment,  is  non-toxic,  not  irri- 
tating to  the  skin,  and  not  unduly  corrosive 
to  iron  and  steel. 


3.  Chemical  Properties 
a.  Specific  Gravity 

(1)  Specific  gravity  of  the  foam  shall  be 

determined  but  no  restrictions  are  placed 
on  the  contractor  as  to  its  value. 


(a ) Specific  Gravity 

(1)  The  specific  gravity  of  the 
foam  charge  is  1.150  - 1.160 
at  70*F. 


b.  Viscosity 

(1)  The  liquid  shall  /ave  a maximum  kinematic 
viscosity  of  100  centistokes  at  60°F. 
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b.  Viscosity 

(1)  The  liquid  has  a kinematic 
viscosity  of  25  centistokes 
at  60°F. 


c .  pH  Value 

(1)  The  liquid  shall  have  a pH  value  of  6.0  to  9.0 
and  shall  not  vary  from  this  range  upon  the 
dilution  up  to  the  required  amount  of  foam 
liquid  in  water. 


c .  pH  Value 

(1)  The  pH  value  of  the  liquid  is 
6.2  and  does  not  vary  outside 
of  the  range  6-9  upon  dilution 
with  fresh  or  sea  water. 


d.  Suitability  with  V/ater 

(1)  The  foam  liquid  shall  form  suitable  foam  with 
water  irrespective  of  geographical  location. 
Suitability  with  sea  water  is  desirable  to 
increase  the  utility  of  the  liquid  charge  for 
the  potential  use  by  other  Government  agencies. 


d .  Suitability  with  Vfeter 

(1)  The  foam  liquid  forms  suitable 

foam  with  natural  water  irrespective 
geographic  location.  It  has  been 
found  suitable  for  use  with  sea 
water,  foam  volume  and  fire  test 
data  supporting  this  statement. 


e.  Pour  Point 

(1)  The  liauid  shall  have  a pour  point  not  higher 
than  -20  F. 

e .  Pour  Point 

(1)  The  pour  point  is  -15*F.  The  liquid 
is  completely  miscible  with  ethylene 
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glycol  and  farther  pour  point  re- 
daction can  be  achieved  by  simple 
admixture.  A slight  loss  in  foam 
quality  would  be  expected. 


f . Sedimentation 

(1)  Charges  shall  show  a sedimentation  of  not  more 
than  .1  per  cent  by  volume. 

f . Sedimentation 

(1)  The  charge  shows  only  a trace  of 
sediment  formation. 

g.  Preoipitation 


(1)  Good  fire  fighting,  engineering  and  chemical 
practices  shall  endeavor  to  limit  precipitation 
to  a minimum  when  the  liquid  charge  is  mixed 
with  water. 


g.  Precipitation 

(1)  Precipitate  formation  has  been 
limited  to  minimum  consistent 
with  good  foam  production. 


4.  Environmental  Extremes 


a.  The  liquid  charge  shall  not  be  impaired  by  storage 
for  72  hours  at  ♦160**F.  or  -65 Though  the  liquid  nay 
freeze,  upon  thawing  it  shall  form  foam  with  the  sane  desirable 
characteristics  as  a sample  not  subjected  to  environmental 
extremes. 


4.  Environmental  Extremes 


a.  The  liquid  charge  is  not  impaired  by 

storage  for  72  hours  at  160  ?.  or  -65 °F. 
Although  the  liquid  freezes,  upon  thawing 
it  forms  foam  with  the  sane  characteristics 
as  a sample  not  subjected  to  environmental 
extremes. 
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5 .  Foga  Tola— 


a.  The  volume  of  foam  produoed  by  the  liquid  using  water 
at  70  7.  shall  not  be  leas  than  125  gallons  of  foam  per  gallon 
of  foaa  liquid  used.  The  volume  of  foam  produoed  at  40*7. 
shall  not  deorease  more  than  1?%  of  the  volume  at  70*7. 


5 . roam  Volume 

a.  The  Tolome  of  the  foam  produoed  by  liquid 
using  water  at  70*7.  was  140  gallons  of 
foam  per  gallon  of  foam  liquid.  A Rational 
HP- 3 nozzle  operating  at  100  psi  was  used. 
The  volume  of  foam  produoed  at  40*7.  was 
less,  to  the  extent  of  lOjt,  them  the  volume 
produoed  at  70*7.  Approximately  the  same 
foam  yields  are  obtained  using  either  fresh 
or  synthetlo  sea  water. 


6 « Dispensing  Equipment 

a.  It  1 8 most  desirable  that  the  foam  developed  under 
the  requirements  of  this  Exhibit  be  suitable  for  use  with 
present  meohanioal  foam  equipment.  If,  however,  the  formu- 
lation of  the  All  Purpose  Foam  should  require  special  equip- 
ment or  changes  in  design  of  present  equipment,  full  information, 
design  drawings  and  operating  oharaotsristios  shall  be  reported. 


6.  Dispensing  Equipment 

a.  The  foam  charge  developed  is  suitable  for 
use  with  present  mechanical  foam  nozzles. 


7.  The  liquid  after  subjection  to  conditions  of  environmental 
extreme  shall,  when  tested  in  accordance  with  procedures  of 
Specification  IAN  0-266,  attain  oomplete  extinguishment  in 
5 minutes  or  less.  The  foam  blanket  shall  average  not  less 
than  1 inch  in  thiokness  and  shall  prevent  re-ignition  for 
15  minutes.  Rekindling  shall  prevent  spread  of  the  fire 
beyond  an  area  approximately  24  inches  square.  Fire  tests 
shall  be  performed  on  both  alcohol  and  petroleum  fires. 


7.  The  liquid  after  subjection  to  conditions  of 

environmental  extreme  when  tested  in  accordance 
with  Specification  JAN  C-266  for  gasoline  fires 
and  a modified  fire  test  (see  14,  type  b applica- 
tion) to  suit  the  special  case  of  alcohol,  acoom- 
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plished  extinguishment  in  less  than  5 minutes. 

. The  foam  blanket  averages  3 inches  in  thickness 

1 { and  prevents  re-ignition  for  15  minutes.  A 

6-inch  square  of  fuel  surface  was  exposed  and 
1 ignited.  On  permitting  to  burn  for  5 minutes,  the 

foam  blanket  resisted  the  spread  of  the  fire 
beyond  an  area  approximately  ?4  inches  square. 
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MAKUFACTURIITG  PRCCHDURHS 


Procedure  for  Manufacture  of  Mechanical  Foam  Liquid  Developed 
Under  this  Contract'. 


Protein  Isolation*  Heat  260  gallons  of  water  to  120®F.  and 
add  150  pounds  o £ oil-free  soybean  flour.  After  stirring  for 
1 hour,  add  sulfuric  acid  to  bring  mixture  to  a pH  of  4.O-4.3. 
The  mixture  is  passed  through  a centrifuge  and  the  slurry  is 
returned  to  a reactor  together  with  80  gallons  of  boiling 
water.  Make  up  to  220  gallons  with  water  if  necessary. 


Hydrolysis . The  batch  is  heated  to  200#F.  and  30  pounds  of 
line  is  added.  More  lime  is  added  if  necessary  to  keep  pH 
up  to  11.8.  Maintain  heat  at  200*F.  for  five  hours.  Add 
sulfuric  acid  to  reduce  the  pH  to  4. 0-4. 5.  Heat  at  this 
pH  for  1 hour  at  200*F.  The  pH  is  then  raised  to  7. 0-7. 5 
with  lime. 


Evaporation.  Evaporate  the  mixture  to  a specific  gravity  of 
1.185  at  60  F. 


Ad j ustment . The  following  chemicals  are  then  added  to  the 
concentrate: 

pyridyl  mercuric  acetate  0.3  lb./lOO  gallons 

sodium  sulfate  0.33  lb. /gallon 

ferrous  sulfate  0.40  lb. /gallon 

Blending.  The  liquid  is  allowed  to  stand  for  2 hours  and  the 
following  additions  are  made: 


urea  0.8  lb. /gallon 

equal  mixture  of  isopropyl 

alcohol  and  ethylene  glyool  17.6  gal./lOO  gallons 


Filter  with  aid  of  Celite. 
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Conversion.  Seventy  gallons  of  this  liquid  is  plsoed  in  s 
reaotor  and  the  following  oheaioals  are  added  with  stirring. 

100  lbs*  Sod lam  diisopropyl  naphthalene  salfonate 
9.8  gals.  Water 
30  lbs.  Aluminum  Laotate 
12  gals.  Methanol 
2.88  gals.  Cooonut  fatty  aold 
2.16  gals.  Triethanolamine 

Add  Celite  to  the  mixture  and  filter  through  a preooated  filter 
press.  The  filtrate  is  returned  to  the  reactor  and  the  following 
are  added. 


12.6 

lbs. 

Aluminum  lactate 

1.44 

gals. 

Cooonut  fatty  acid 

1.08 

gals. 

Trie  thanolamine 

18 

gala. 

Ethylene  clyool 

Stir  the  mixture  for  2 hours  and  allow  to  stand  overnight.  The 
bptoh  is  filtered  through  a precoated  filter  press. 


ALTERNATE  PROCEDURE 


Isolated  soybean  protein  is  available  on  the  market  from 
Drackett  Corp.  as  "Ortho  Protein",  from  The  Qlidden  Corp.  as 
"Alpha  Protein"  and  from  Buckeye  Cotton  Oil  Co.  as  "Buokeye  Protein". 
The  use  of  one  of  these  materials  eliminates  the  "Protein  Isolation" 
step  and  starts  with  the  hydrolysis  directly.  In  that  oase,  add 
225  pounds  of  the  protein  as  purchased  to  250  gallons  water  at 
200*F.  Add  50  pounds  of  lime  and  heat  at  200*F.  for  five  hours. 

Add  sulfuric  acid  to  reduce  pH  to  4»0-4.5.  Heat  one  hour  further. 
Add  sufficient  lime  to  raise  pH  to  7. 0-7. 5*  Evaporate  and  continue 
as  in  first  procedure. 
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3UH7ACX  TXHSIOH  STUDIES 


1.  The  aurfaoe  tension  oharaoteristios  of  three  foam 

liquids  were  established. 


a.  Rational  Aer-0»Foam  liquid.  This  is  a hydro- 
lyzed protein-base  foam  llauid  which  oonforms 
to  specifications  JAR  C-266. 


b.  National  Aer-O-Foam  99.  A commercial  foam 
liquid  used  in  combat  of  fires  involving 
aloohols  as  well  as  petroleum  produots. 

Fatty  aoids  are  used  as  the  foaming  agent 
base  and  stabilizer.  It  has  the  limitation 
that  it  cannot  be  used  effectively  with  water 
having  a hardness  in  exoess  of  400  p.p.m. 


c.  AAF  U.6.  This  is  one  of  the  experimental  liquids 
developed  under  subject  oontract.  It  contains 
the  essential  ingredients  of  "a"  and  "b",  modi- 
fied to  achieve  compatibility,  and  produoes  a 
foam  which  is  not  readily  destroyed  by  alcohol. 


. The  effect  of  the  addition  of  water  on  surface  tension 

f the  three  foam  liquids.  Figure  I 


3 . Effect  of  Aging  on  Aer-O-Foam  99  Solutions 

Solutions  of  Aer-0-7oam  99  in  the  concentration  range 
0.005  - 6.0 ifo  wore  aged  up  to  four  days  and  measurements  taken 
periodically.  Each  solution  showed  no  change  in  surface 
tension  due  to  aging  of  the  solutions. 


4.  The  effect  of  the  three 

tension  of  methanol.  Figure  II 


5.  The  effect  of  the  three 

tension  of  isopropanol.  Figure 


foam  liquids  on  the  surface 


foam  liquids  on^the  surface 
III 


/ 
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6.  The  effect  of  the  three  foam  liquids  on  surface 

tension  of  glycerol.  Figure  IV 


7.  The  effect  of  three  foam  liquids  on  the  surface 

tension  of  ethylene  glycol.  Figure  V 


8.  The  effect  of  Aer-O-Foam  99  on  surface  tension  of 

various  alcohols.  Figure  VI 


9.  The  effect  of  AAF  116  on  surface  tension  of  various 

alcohols.  Figure  VII 


10.  The  effect  of  Regular  Aer-O-Foam  on  surface  tension 

of  some  alcohols.  Figure  VIII 


11.  The  effeot  of  three  foam  liquids  on  surface  tension 

of  FDrmamide.  Figure  IX 
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FTGJHE  I — Surfaca  Tension- -Conoant ration 
For  Tar  loos  l»aa  Liquids 
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CONCENTRATION  FOAM  LIQUID  (It ) 


FOAM  LIQUID  CONCENTRATION  (%) 


FOAM  LIQUID  CONC EOT RATION  (*) 


CONCEI  IT  RATION  FOAM  LIQUID  (*) 


100 

CONCENTRATION  FOAM  LI5UID  (ft) 


» 
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CONCENTRATION  AXR-O-TOAM  99 


CONCENTRATION  AAF  116  (%) 


(2mo/t#uZa)  C0Z8IIU  I0WU8 
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REGULAR  AER-C-FDAi:  LIQUID  (%) 


I 
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SURFACE  FILM  STUDIES 


Premix  use  of  Aer-O-Foam  99  indicates  a decrease 
in  alcohol  stability  as  the  solution  ages.  A study  was 
made  of  surface  films.  A difference  was  noted  in  gross 
appearance,  i.e.  formation  of  curds  and  in  surface  film 
measurements.  In  general  it  was  found  that  film  formed 
from  aged  solutions  are  more  readily  compressed.  This 
might  indicate  decreased  resistance  to  thermal  or  mecanical 
shock. 
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